Abstract
INTRODUCTION
Heritage buildings and monuments in any country are mute testaments of its glorious past [Meli et. al, 2007] . India has a very rich historic background which is evident from various buildings, forts, temples, landscapes, objects of historic era. Many of these were constructed several hundred years ago when the Indian Civilization was at its peak. Their architecture, design and construction at the time when computers, code of practice, design guidelines, research institutions and modern construction techniques did not exist makes one to realize the wisdom and expertise of our forefathers. These structures have managed to survive for hundreds of years while most of the modern constructions need repair after couple of years of service [Meli et. al, 2007] . Work is often performed to reverse decay or alterations made to the building after its initial construction. Physical materials of an earlier time, that might have been state of the art at the time of construction, might have failed and now need replacement with contemporary better functioning, but aesthetically similar materials. Such reasons make it mandatory to instigate a systematic approach in the area of heritage conservation.
Restoration of heritage structure
Building restoration refers to the process of correctly revealing the state of a historic building, as it looked in the past and recovering the same by various measures while respecting its heritage value. Restoration involves returning the existing fabric of a place to a known earlier state by removing accretions or by reassembling existing components without introducing new materials. Conservation means the process of retaining structure"s historical, architectural, aesthetic, cultural significance. Preservation stands for maintaining the fabric of a place in its existing state and retarding deterioration whereas reconstruction implies returning a place as nearly as possible to a known earlier state and distinguished by the introduction of materials into the fabric. Restoration is defined as the act or process of accurately depicting the form, features, and character of a property as it appeared at a particular period of time by means of the removal of features from other periods in its history and reconstruction of missing features from the restoration period. [http://www.cr.nps.gov/hps/tps/standguide/restore/restore_ind ex.htm].
Need of the study
Most old cities have some monuments which represent the religious, military, political or economic powers of the past. The condition of such monuments is determined largely by their present function and use. Monuments which have no further utilization tend to decay rapidly, while monuments which are still in use have a better chance of being maintained [Steinberg F., 1996] . The extent of maintenance varies from structure to structure leading to deterioration of the structure. Restoration increases the total expected life of the structure by strengthening it to withstand all imposed loads. If the structure is not timely restored, its condition may worsen to an extent such that it becomes very difficult to regain its original condition. Restoration takes the structure to a new minimum 
SYSTEMATIC APPROACH
Restoration and conservation is a fine balancing act, learning to judge just the right amount of intervention at the right time.
Restoration of architectural heritage requires a multidisciplinary approach. It is known that heritage structures are meticulously designed and skilfully constructed structures. An equally competent and compatible strategy is required for their preservation. It should commence with an analysis to arrive at the structural system and the mechanism of load transfer [Kumar P., et.al, 2008] . All these challenges should be given due consideration to arrive at the best possible technique of restoration which will not only be effective but also economical. The proposed approach leads a restorer to efficient restoration practice by giving a logical sequence of various activities to be followed in restoration works. Identification of various problems and devising the most suitable method to tackle the same is the restorer"s task. Choosing the most appropriate treatment, requires careful decision making about building"s historical significance, physical condition existing on the date of restoration, proposed use and mandated code requirements etc [http://www.nps.gov/tps/standards/four-treatments/treatmentguidelines.pdf].
A general restoration approach shown in Figure 2 below may be adopted as a basis or guide for taking up work of restoration. According to the suggested systematic approach, restoration of heritage structure involves evaluation of structure to expose its actual condition. Evaluation is done based on documents and physical evidences by assessment of condition of structure which includes inspection, diagnosis and cause analysis. Evaluation may be exploratory or immediate. Immediate evaluation includes repairs of immediate nature which are desirable or necessary. Hence evaluation of the structural performance of buildings submitted to severe loading conditions is the most valuable source of knowledge regarding their weaknesses and the ways they respond to extreme conditions. These extreme conditions may be historic fire [Gomez Heras M., et. 
CASE STUDY
To study the way in which typical rehabilitation work in India is carried out, study of rehabilitation of main building, University of Pune has been carried out. The building is indexed as a Grade I structure [http://www.urbanindia.nic.in/publicinfo/byelaws.htm], which was constructed in 1871 by the British. Designed by the then architect James Trubshawe, the building is a G+1 structure with 60,000 sqft area having shallow foundation resting on black cotton soil. The typical features include sloping pitch roof, jack arch slab, typical wooden flooring, un coursed rubble masonry in an Italian gothic architecture.
The project entailed the restoration and rehabilitation of the historic University main building. Useful life of a structure being considered as 100 years, it was of utmost importance to rehabilitate the structure to the earliest. Assessment of structure involved rapid visual screening, data collection, condition assessment. The visual inspection brought to notice many defects and proper investigation including non destructive testing of various components revealed the actual condition and hence validated the urge to take up work of restoration of this historic precinct.
Major Problems and remedial measures
Buildings may show some degree of movement depending on factors such as shrinkage, temperature gradients, the degree of restraint from foundations, geometry etc., as well as loading conditions from wind and snow. Deterioration caused by such factors and its treatment is examined on site for the case study. Poor design and construction defects can create poor load distribution that can result in undesirable concentrations of stresses. Major problems encountered in the assessment of structure and the corresponding plan of action is as stated below.
Structural cracks in masonry walls & damaged masonry with loose bonding
Poor load distribution, poor water proofing causing bulging of structural members had caused the members to crack with cracks of varying magnitudes. The cracks observed on site were not only superficial but also extended to the core of the masonry. The entire north side of the structure along with northwest and northeast corners was covered with very thick creepers. The roots had penetrated in the wall through the joints in masonry. Thus the gaps in the joints had increased (Figure 3) . The creepers had pulled out the upper portion of the corner. Hence the upper portion of the wall was leaning out of plumb. Masonry damage was the result of aging of the structure and materials, poor water proofing, wrong loading conditions etc. The destabilization of older walls due to the deterioration of the inner core rubble between the exterior and interior faces of masonry needed proper attention. \
Fig -3: increased gap in joints due to growth of creepers

Fig -4: Reinforcement details of the wall face
Remedial measures
Epoxy grouting for strengthening weakened and cracked masonry, jacketing of disturbed wall surfaces by means of applying a mesh of non-ferrous steel reinforcement to both sides of the wall, bonded to the wall with a mortar matrix, metal straps with bolted connections are some of the measures to repair & avoid any further cracking of masonry. The gaps in the joints of the masonry can be filled up with lime mortar. Also stitching can be done to avoid further damage. In the case study, the repair of masonry cracks was taken care by filling all the cracks by epoxy grout with the help of inserted nipples and grouting gun. After the grouting was completed, plinth beam was casted and steel C sections were placed on both the sides of the wall bolted with each other through the wall cross section as shown in reinforcement bars was placed on the wall as shown in Figure  6 and then the face was shotcreted with suitable mix of concrete and plastered with the conventional material mix lime mortar 1:3. Details of the reinforcement of damaged masonry walls are given in Figure 5 .
Dealing with heavily damaged masonry included removal of defective stonework from areas showing loose bonding, structural faults, cracks and major shifts in plumbs or alignments, procurement of matching stones from quarries to match in strength, mineral composition, colour and appearance, analysis of mortar used in the masonry to reveal ingredients and their proportions to obtain specifications for rebuilding masonry, dressing of broken stones in prescribed shapes and sizes and fixing them in position using the mortar derived from above analysis followed by dressing stones in place. 
Crack in the Masonry and lime concrete slab
Thick creepers were allowed to grow on the masonry. The creepers had its only support from the wall thus causing the roots to grow in the masonry joints. The slab consisted of steel sections supporting lime concrete. Ceiling tiles in terracotta were laid below the lime concrete and were visible from below. The Rolled Steel Joists (450 mm deep) did not have any binding or bracing at the outer face of the porch to prevent it from moving outwards. This allowed the upper portion of the wall to be pulled out by the heavy creepers. The absence of fixity either using nut-bolts or welding had further allowed the walls of the porch to lean out of plumb by 25-30 mm. After opening up the waterproofing on the slab, 20-25 mm wide cracks were observed in the lime concrete slab towards southern side running in east-west direction. It was also observed that the T-sections at the outer face had corroded due to the water seepage in presence of lime concrete, considerably reducing the cross-section area of the steel members ( Figure 7 ). This had made the slab structurally instable that could have collapsed without any warning.
Fig -7:
Corroded steel members due to leakage
Fig -8: Details of reconstructed porch slab
Remedial Measures
Part of the porch was dismantled and the wall was reconstructed in plumb. Damaged stones were replaced. Steel members were fixed by welding and damaged steel sections were replaced. Also bracing at the joist level was added. Old slab was replaced with similar slab structure as shown in Figure 8 which consisted of stack of two I sections one above the other supporting inverted T section. Concreting of suitable grade was done over the inverted T-section. Proper care was taken to provide brick bat coba type of water proofing so as to reduce future deterioration.
Collapse of portion of column
The column which was supporting overhead beams showing major signs of bulging due to water seepage collapsed partially which initiated the urgency to rehabilitate the structure. The intact portion of the column showed loose bonding of the mortar as well as cracks in the core which needed special attention ( Figure 9 ). 
Remedial Measures
The collapsed portion was removed and reconstruction of that portion was carried out using the same type of stone and mortar. During the reconstruction, steel rods were inserted into the old masonry so as to establish a proper bond between the old and the new masonry. After the reconstruction, the cracks in the core of the column were taken care by the epoxy grouting carried out through the inserted nipples (Figure 10 ).
Bulging wall & Major longitudinal crack in beam
The internal wall on eastern side was found showing signs of bulging. The rainwater gutter on the terrace, which is above this wall, was sagged due to water seepage observed in the first floor wall as seen from Figure 11 . The wall was bulged at this location on first floor and also some cracks had appeared in the plaster of the wall on ground floor at same location.
Remedial measures
The reason for the bulging of this wall was found to be a corroded gutter above the wall, which allowed the water to seep in the wall thus the gutter needed to be replaced and laid with proper slopes. The bulge in the wall also needed to be checked for its stability and also it was necessary to ensure if the cracks in the wall could be rectified by stitching or the required part of the wall could be dismantled and replaced with minimal disturbance to the rest of the structure to ensure proper transfer of loads through the walls.
Bulged wall resting above the beam caused the beam to have sag at the centre leading to a structural crack. This major longitudinal crack posed a major problem and required flitching of the beam with steel plates on the exposed sides after the wall resting on it is removed. The steel plates were then bolted to the beam by anchor and through bolts as shown in Figure 12 . After restoring the beam, the wall above was reconstructed. 
Roofing leakages
The roof is constructed in lime concrete slab using chickenmesh. This slab is covered with mangalore tiles laid above corrugated G.I. sheets ( Figure 13 ). The mangalore tile roofing did not have a proper slope for storm water drainage. Thus water logging at the corners was observed which allowed growth of trees. Seepage through roofs and down-take pipes had resulted in the bulging of stone masonry and severe cracking of the brick masonry below on the ground floor. There were several places where the storm water from roof did not reach the ground and seeped in the structure due to improper laying of storm water drains or inadequate maintenance. 
Remedial measures
The repair technique comprised of restoring proper slopes, replacing corroded members, using lead flashing wherever necessary. The down take pipes that travel through inaccessible panelling through the centre of the building were taken through more accessible positions with strict schedules of periodic maintenance. The bulged and cracked masonry was taken care of as per the requirements. State of the art devices for detection and alarm in case of fire were installed in the roof voids and other infrequently accessed spaces of the building. Several changes in the profiles of roofs were done to ensure better performance of roofs. The repaired roof was then covered with panels coated by multiplas sheets for water proofing ( Figure 14) . 
FINDINGS & DISCUSSION
As the selected project for case study is of complicated nature with hidden difficulties, the exact time estimate for completion of restoration cannot be prepared. In the case study, the NDT reports depicted that the masonry core strength was reducing and hence required either strengthening or replacement. Hence decision of wall strengthening is appropriate as replacement would be costlier. Flitching of beam strengthens the beam as well as takes care of the longitudinal crack and at the same time avoids disturbing the whole structure for beam replacement. Partial column replacement saves in material and hence proves economical. Insertion of reinforcement ensures proper bond between old and new masonry. Casting of slab using concrete could have been done with precast concrete members thus saving time of construction. After the complete restoration of the structure it is recommended to practice regular maintenance to ensure its proper working in future and increased minimum strength level.
CONCLUSIONS
Deterioration of the structure may be caused due to various reasons, some of which are long life, lack of maintenance, unchecked growth of trees & creepers on the structures, improper drainage system, irregular inspection, material deterioration and weathering effect etc. Also, modern codes and building standards, observance of cultural context, conservation criteria, attainable benefit, traditional and innovative methods etc. pose major challenges in restoration of heritage structure. The best therapy to reduce decay is preventive maintenance. Adequate maintenance can limit or postpone the need for subsequent intervention. The repair process requires the existing condition of the structure to be identified and its causes of its deterioration. It is also necessary to define how ongoing deteriorative factors should be monitored given the effects of such processes on the rehabilitation of the structure [Ghadban S.S.,2011 ]. An understanding of the significance of the structure should be the basis for conservation and reinforcement measures. The design of intervention should be based on a clear understanding of the kinds of actions that were the cause of the damage and decay as well as those that are taken into account for the analysis of the structure after intervention; because the design will be dependent upon them. .This gift may be lost if the integrity of the original structure is destroyed to meet the present demands. As these structures are closely related to local social and economic conditions, methods which may be less destructive and of original fabric need to be devised to approach these issues. There is tremendous educational and practical potential to be realized in the area of restoration. An architectural, engineering, management as well as social approach is required for such type of endeavour. Proper education and training for such kind of works is today"s need. Involvement of more practitioners and technical professionals is required. The potential of this field needs to be realized by integrating and contextualizing the spheres and work of conservation, not only as a self-contained science or technological endeavour but also as a social practice.
